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BACKGROUND OF THE INVENTION 0131740 
Field of che Inventio n ; 

This invention relates to undenatured virus-fr ep 
biologically active proteln-contai nl nf; compositions , More 
especially, this invention relates to the inactivation of 
viruses, especialjy lipid coated viruses, e.g.. hepatitis B 
in human blood, blood component, blood plasma or any 
fraction, concentrate or derivative thereof containing blood 
proteins or non-blood sources including normal or cancer 
cells,- the exudate from cancer or normal cells grown in 
culture, hybridomas, tn products from gene splicing (DNAj , 
etc., by the use of di- or trialkyl phosphates, and to the 
resulrant products. In particular, this invention relates 
to blood plasma or other plasma protein-containing 
compositions \^hich are to be rendered substantially free of 
hepatitis B and/or non-A and non-B hepatitis or other viral 
infectivity, such blood plasma or fractions thereof having 
valuable labile proteins, such as, for example, factor VIII. 

DISCUSSION OF PRIOR ART 

Numerous attempts have been made to inactivate 
viruses such as hepatitis B virus (HBV) in mammalian, 
especially human, blood plasma. It is the practice in some 
countries to effect inactivation of the hepatitis B virus in 
the blood plasma by contacting the plasma with a viral 
inactivating agent of the type which crosslinks with che 
proteinaceous portion of hepatitis H virus, or v/hich 
interacts with che nucleic acid of the virus. For instance, 
it is known Co attempt to inactivate hepatitis B virus by 
contact with an g^j^3J^:li^?x3e- sucli as formaldehyde whereby 
!^b"ss"l;'inKin'j^^^ effected and tlie hepatitis B 
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virus is inactivated. It is also 4criown/to eff ect . : j . . 
inaetivation oif the virus by contact wi th'&'e'tXrpro^^^ " 
(BPL) , an agent which talctsVon^^ of the virus. 

It is further known to use 'tiifrav light-; 
especially after a be ta-propi ol actone treatment. 

Unfortunately, these agents often alter, denature 
or iiaestroy valuable protein components especially so-called 
^a^aBri-e'^S'bi^)^ of the plasma under condi- 

tions required for effective inaetivation of^virus infectivity. 
For instance, in such inaetivation procedures, factor VIII is 
inactivated or denatured to the extent of 50-90% or more of 
the factor VIII present in the untreated plasma. Because of 
the denaturing effects of these virus inactivating agents, 
it is necessary in the preparation of derivatives for adr.iin- 
istration to patient? to concentrate large quantities of plasma 
so that the material to be administered to the patient once 
again has a sufficient concentration of the undenatufed 
protein for effective therapeutic treatment. This concentra- 
tion, hoi^/ever, does not affect reduction of the amount of de- 
natured protein. As a result, the patient not only receives 
the undenatured protein but a quantity of denatured protein 
often many times that of the undenatured protein. 

For instance, in - the inaetivation of hepatitis B 
virus in human blood plasma by be ta- prop iolac tone . there is 
obtained as a result tliereof, a plasma \>7hose factor VIII has 
been 757o inactivated. The remaining 257o of the factor VTII 
is therefore present in such a small concentration, as a 
fuii^cion of the plasma ItscJf. that it is necessary co 
concentrate la i^^e quan ti t ie.^ of the factor VIll to provide ; 
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sufficient concentration to be of .therapeutic value .^'^stncl"*^ 
such separation techniques do not efficiently remove 
denatured factor VIIl from undenaiured factor VIII. the 
material administered to the patent may contain more 
denatured protein than undenatured protein. Obviously. such 
inactivation is valuable- from a standpoint of diminishing 
the risk of hepatitis virus infection. However, it requires 
the processing of large quantities of plasma and represents 
significant loss of valuable protein components. Furthermore, 
administration of large a.mounts of denatured proteins may ren- 
der these antigenic no the host and thus give rise to aucoi::.- | 
mune diseases, or perhaps, rheumatoid arthritis. 

The loss of these valuable protein components is 
not limited to factor VIII, one of the most labile of the valu- 
able proteins in mammalian bl6od plasma. Similar protein 
denaturation is experienced in respect of the following 
other valuable plasma components : coagulation factors II. 
VII. IX. X; plasmin, fibrinogen (factor 1) IgVi. hemoglobin, 
interferon, etc. 

Factor VIII, however, is denatured to a larger 
extent than many of the other valuable proteins present in 
blood plasma. 

As a result of the foregoing, except in the 
processing of serum albumin, a stable plasma . protein 
solution which can withstand pasteurization, it i.s largely 
Che practice in the United States in respect of the 
processing of blood proteins to take no step in respect of 
the sterilization for inactivation of viruses. As a result, 
recipients of factor VIII. gn-Tinia -gl obu 1 i n . factor IX. 
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fibrinogen, etc., must accept the risk thaC'the valuable 
protein components being administered may be contaminated 
with hepatitis viruses as well as other infectious viruses. 
As a result, these recipient? face the danger of becoming 
infected by these viruses and having to endure the damage 
V7hich the virus causes to the liver and other organ systems 
and consequent incapacitation and illness, which may lead to 

death. ^-^i^f^f^^^^^^ 

The BPL/UV inactivation procedure discussed above 

has not so far been adopted in the United States for 

numerous reasons, one of v;hich lies in the fact that many 

researchers believe , that BPL is itself deleterious since it 

cannot be removed completely folloicing the inactivation and | 

thus may remain in plasma and plasma derivatives. BPL has been 

sho\vn to be carcinogenic in animals and is dangerous even to 

personnel handling it . 

Other methods for the inactivation of hepatitis B 
virus in the plasma are knoun~i , but are usually impractical , 
One method involves the addition of antibodies to the plasma 
vjhereby an immune complex is formed. The expense of 
antibody formation and purification add significantly to the 
cost of the plasma production; furthermore, there is no 
assurance that a sufficient quantity of hepatitis B or 
non-A, non-B virus is inactivated. There is currently no 
test for non-A, non-B antibodies (although there is a test 
for the virus); hence, it is not possible to select plasma 
containing higli titers of anti non-A. non-B antibody . 

It is to be understood that the problems of 
inactivation of tlie viruses in plasma are distinct from the 
problems of inactivation of the viruses tlicmsclvcs due to 
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the 'copf esence of the desirable pro teinaceous corapoSents"* Jf* ^ 
the plasma. Thus., while it. is knoyn how to inactivate the 
hepatitis B virus, crosslinking agents, for example, 
glutaraldehyde. nucleic acid reacting chemicals, for 
example BPL or formaldehyde, or oxidizing: n;.cnt.s. for 
example chlorox, etc.. it hns been believed that these methods 
are not suitable for the inactivation of the virus in plasma 
due to the observation chat most of these activating agents 
(sodium hypochlorite, formaldehyde, beta-propiolactone) de- 
natured the valuable proteinaceous components of the plasma. 

United States Patent ^.315.919 to Shanbrom de- 
scribes a method of .depyrogenating a proteinaceous biological 
or pharmaceutical product by contacting such proteinaceous 
product V7ith a non-denaturing amphiphile. 

United States Patent A. 314. 997 to Shanbrom de- 
scribes a method of reducing pyrogenicity. hepatitis in- 
fectivity and clotting activation of a pla.sma protein- product 
by contacting the product with a non-denatured amphiphile. 

Both Shanbrom '919 and '997 contemplate the use 
of a non-ionic detergent, for example. "Tvveen 80" as the amphi- 
phile. It will be shou-n hereinafter that treatment with 
"Tween SO" by itself is relatively jLneffective as a viral in- 
activating agent. 

United Stntes Patent 3.962 ./.21 describes a nethoc 
for the disruption of infectious lipid-containing viruses 
for preparing sub-unit vaccinas by contacting the virus in 
an. aqueous medium with n wetting agent and a tria Iky Iphosphate . 
Such aqueous medium is defined as nllantonic fluid. ti.<.sue cul 
ture fluid, aqueous extract or suspension of central nervous 
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system tissue; blood cell eluate and an aqueous extract <5r 

suspension of fowl embryo. The patent does not describe 
hepatitis, nor is it concerned v;ith preparation of blood de- 
rivatives containing, labile blood protein substantially free of 
viral infectivity. It is only concerned vjith disrupting:, the 
envelope of lipid containing viruses for the production of 
vaccines and not vjith avoiding or reducing protein denaturation 
en route to a blood derivative. 

Problems may also exist in deri^^ing valuable pro- 
teins from' non-blood sources.- These sources include, but are j 
not limited to, mammalian milk, ascitic fluid, saliva, placenta; 
extracts, tissue culture cell lines and their extracts incluc- ; 
ing transformed cells, and products of fermentation. For in- I 
stance, the human lymphoblas toid cells have been isolated which! 
produce alpha interferon. However, the cell line in commercial | 
use today contains Epstein-Barr virus genes. It has been a j 
major concern that the use of interferon produced by these j 
cells would transmit viral infection or induce viral caused 
cancerous growth. 

The present invention is directed to achieving 
three goals, namely. (1) a safe, (2) viral inactivated 
protein-containing composition. (3),v;ithout incurring substan- 
tial protein denaturation. As shouTi above, these three goals 
are not necessarily compatible since, for example, beta- 
propiolactone inactivates viral infectivity . but is unsafe and 
substances such as formaldehyde inactivate viruses', but also 
substantially denaturate the valuable plasma proteins. for ex- 
ample, factor VIll. 

It. tlicrefore, l^ccanie desirable to provide a proc 
ess for obtaining protein-containing compositions which does 
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not substantially denature the valuable protein components j 
therein and which does not entail -the use of a proven carcino- | 
genie agent. More especial].., it is desirable to piovide bloodj 
protein-containing coniposit ions in which substantially all of i 
the hepatitis viruses and other viruses present are inacti- 
vated and in which denatured protein such as factor VIII ac- 
count for only a small amount of the total amount of these 
proteins in the blood protein-containing composition. 

It is a further object to provide products . from 
cancer or normal cells or from fermentation processes follovj- 
ing gene insertion which are substantially free of virus, es- 
pecially lipid-containinn- .-viruses . 

SUMI-IARY OF THE INVENTION 
It has now been discovered, quite surprisingly, i 
that while most of the viral inactivating agents denature | 
factor VIII and other valuable blood plasma proteins, that | 
not all viral inactivating agents have such effect. It has 
been discovered that a protein-containing composition such 
as whole blood, blood cell proteins, blood plasma, a blood 
plasma fractionation precipitate, a blood plasma fraction- 
ation supernatant, cryoprecipitate , ^ cryosuperna tant , or por- 
tion or derivative thereof or serum or a non-blood product 
produced from normal or cancerous cells (e.g. via recombinant 
DNA technology) is contacted for a sufficient: period of time 
with a dialkylphosphate or a trria Iky Iphosphate that lipid contain - 

viruses such as the hepatitis viruses present in the compo- 
sition are virtually entirely inactivated v.'ithout substantial 
denaturation of proteins therein. By contacting blood protein 
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mixcure or concentrate thereof or fraction ' theraof v^^^a' 3jL^^ 
or trialkylphosphate , followed by removal of the di - or' trial* 
kylphosphate . hepatitis viruses can be substantially inacti- 
vated, e.g., to an inactivation of greater than A logs, while 
realizing a yield of protein activity to total protein of 
at least 807o. 

By such procedures there is provided a blood 
protein-containing composition such as mammalian v7hole blood, 
blood cell derivatives (e.g. , hemoglobin, alpha-ihterf eron , 
T-cell gr6wth factor . platelet-derive^ growth factor, etc.), 
plasminogen activator, blood plasma , blood plasma fraction, 
blood plasma precipitate (e . g . , cryoprecipitace , ethanol pre- 
cipitate or polyethylene glycol precipitate) , or supernatant 
(e.g., cryosupernatant , ethanol supernatant or polyethylene 
glycol supernatant) , characterized by the presence of one or 
more blood proteins such as labile blood factor VIII having 
a total yield of protein . act iyity to total px'otein of at least 
807c, preferably at least 85a, more preferably 957o and most 
preferably 987=. to 1007,. said blood protein-containing composi- 
tion having greatly reduced or virtually no hepatitis viruses. 
Virus in a serum is determined by infectivity titrations. 

By the inactivation procedure of the invention, 
most if not virtually all of the hepatitis viruses contained 
therein would be inactivated. The method for determining 
infectivity levels by in vivo chimpanzees is discussed by 
Prince. A.M.. Stephen. W.^brotman. I^. and van den Ende.M.C., 
'^Evaluation of the Effect of Beta-propiolac tone/Ul t ravidle t 
Irradiation (BPL/UV) Treatment of Source. Plasma on Hepatitis 
Transmission by factor IV Complex in Chimpanzees, Thrombosis-: 
and Haemostasis". UW: 138-1^2. 1930, 

The hepatitis virus is inactivated by treatment.; 
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with the di- or trialkylnhosphate described herein, and is not 
inactivated because of inclusion i-n. the plasma of antibodies 



which bind with the hepatitis viruses and form imuiune complexes* 

! 

Inactivation of virus is obtnmcd to the extent of' 
at least logs", i.e.. virus in a soruo} is totally inacti- j 
vated to the extent determined by infectivity studies where thai: 
virus is present in the untreated serum in such a concentration 
that even after dilution to 10 . viral activity can be meas- 
ured. 



BRIEF DESCRIPTION OF THE DR.AVJINGS 
Fig. l^shov;s virus inactivation as a function of 
log titer value versus time for VSV virus (vesicular stomatitis 
virus) treated according to the present invention and treated 
v/ith ether/Tween 80, The lower log titer for treatment ac- 
cording to the present invention indicates greater virus inac- | 
tivanion ; 

Fig. 2 shovjs virus inactivation as a function of 
log titer value versus time for Sindbis virus treated accord- 
ing to the present invention and treated v.^ith ether/Tween 80; 

Fig, 3 shov-'s virus inactivation as a function of 
log titer value versus cime for Sendai virus treated according 
to the present invention and treated with ether/Tween SO; 

Fig, A shov;s virus inactivation as a function of 
log titer value versus time for EMC virus (a non-lipid 
coated virus) treated according to the present invention and 
treated witli e ther/Tvx'een 80; 

Fig. 5 is a plot of lor> titer va lue versus hours 
for VSV virus for TNUP/Tvx'ecn 80 at O^'C and at room temperature 
and TNBF alone (nt room tei'.ipcM-a Cure ) . 
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Fig. 6 is a plot of log titef value versus hours 
forSindbis virus for TNBP/Tween 80 at 0*C and at room 
temperature and TNBP alone (at room temperature); 

Fig. 7 is a plot of log titer value versus hours 
for Sendai virus for TNBP /Tween 80 at 0°C and at room 
temperature and TNBP alone (at room temperature) ; and 

Fig. 8 is a plot of log titer value versus hours 
for EMC virus for TNBP/T^^een 80 at O'C and at room tempei^a- 
ture and' TNBP alone (at room temperature). 

The Sindbis, Sendai and VSV viruses are typical 
lipid containing viruses and are used herein to determine the 
effect of di- or crialky Iphosphate on lipid coated viruses 
generally . 

DETAILED DESCRIPTION OF THE INVENTION 
Blood is made up of solids (cells, i.e., 
erythrocytes, leucocytes, and thrombocytes) and liquid 
(plasma). The cells contain potentially valuable substances 
such as hemoglobin. and they can be induced to make other 
potentially valuable substances such as interferons, growth 
factors, and other biological response modifiers. The plasma 
is composed mainly of water, salts, lipids and proteins. The 
proteins are divided into groups called fibrinogens, serum 
globulins and serum albumins. Typical antibodies (immune glob 
lins) found in human blood olasmn include those directed 
against infectious hepatitis, influenza H. etc. 

Blood transfusions are used to treat anemia 
resulting from disease or hemorrhage, shock resulting frc 
loss of plasma proteins or lo.ss of circulating volume . 
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diseases where an adequate level of plasma protein is not 
maintained, for example, hemophilic, and to bestow passive 
i mmuri i za t ion . 

Wliole blood must be carefully typed and cross 
matched prior to adrnini strati (jn . Plasma, hov;ever , docs not 
require prior testing,. For certain applications, only a 
proper fraction of the plasma is required, such as factor 
VIII for treatment of hemophilia or von VJillebrand ' s disease. 

With certain diseases one or several of the 

components of blood may be lacking. Thus the administration 

of the proper fraction vjill suffice, and the other components j 

i 

will not be **v7astedV on the patient; the other fractions can i 
be used for another patient. The separation of blood into j 
components and their subsequent fractionation allows the pro- 
teins to be concentrated , thus permitting concentrates to be 
treated. Of great importance, too, is the fact that the 
plasma fractions can be stored for much longer periods than 
whole blood and they can be distributed in the liquid, the 
frozen, or the dried state. Finally, it allows salvaging from 
blood banks the plasma portions of outdated whole blood that 
are unsafe for administration as vjhole blood. 

Proteins found in human plasma include prealbumin, 
retinol-binding protein, albumin, alpha-globulins, beta- 
globulins, gamma-globulins (immune serum globulins) , the 
coagulation proteins (anti thrombin III, prothrombin, plasmino- 
gen, antihemophilic factor- factor Villi, fibrin-stabilizing 
factor- factor XIll, fibrinogen) , immunoglobins (immunoglobulins 
G, A, D. and E) . and the comnloment components. Tliere are 
currently more than 100 plasma proteins that have been de- 
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scribed .' A comprehensive listing" can .be found in "The Plasma 
Proteins", ed. Putnam. F.W. . Academic Press. Hew York (1975). 

Proteins found in the blood cell fraction include 
hemoglobin, f ibronectin . fibrinogen, enzymes of carbohydrate 
and protein metabolism, etc. In addition, the synthesis of 
other proteins can be induced, such as interferons and growth 
factors . 

A comprehensive list of inducible leukocyte pro- 
teins can be found in Stanley Cohen. Edgar Pick. J.J. Oppen- 
heim. "Biology of the Lymphokines" . Academic Press. N.Y. (1979) 
Blood plasma fractionation generally involves the 
use of organic solvents such as ethanol . ether and poly- 
ethylene glycol at low temperatures and at controlled pH 
values to effect precipitation of a particular fraction con- 
taining one or more plasma proteins. The resultant supernatant 
can itself then be precipitated and so on until the desired 
degree of fractionation is attained. More recently, separa- 
tions are based on chromatographic processes. An excellent 
survey of blood fractionation appears in Kirk-Othmer ' s Encylo- 
pedia of Chemical Technology . Third Edition. Interscience 
. Publishers. Volume A. pages 25 to 62. the entire contents 
of which are incorporated by reference herein. 

The major components of a cold ethanol fractiona- 
tion are as follov;s: 

Fraction " Proteins , _ 

I fibrinogen; cold insoluble globulin ; factor 

VIll ; properdin 

II and III IkC: IgM: IJ^A: fibrinogen ; beta - 1 ipoprotein ; 

prothrombin: plasminogen; plasmin inhibitor; 
factor V: factor Vll; factor IX; factor X; 
thrombin; nn t i thrombin : isoagulut ini ns ; ccr- 



Fraction -I'h' Pcotcins j 

utoplasmln; complement C'l. C*3 Ol 31 740 | 

IV-1 alphaj^-lipoprotein. cerutoplasmin ; plasmin- 

Inhibitor; fnctor IX; peptidase; alpha-and- 
hc ta-^'.lobulins 

IV-A tx-iinsferrin; thyroxine binding globulin; 

serum e.stera<:e; alphaj^- lipoprotein ; albumin; 
alkaline phosphatase 

V albumin; alpha-globulin 

VI alpha j^-acid glycoprotein; albumin 
The above fractionation scheme can serve as a 

basis for further fractionations. Fraction II and III, for 
example, can be further fractionated to obtain immune serum 
globulin (ISG). 

_ -Another fractionation scheme involves use of 
frozen plasma v^hich is thav^ed into a cryoprecipitate 
containing AKF (antihemophilic factor) and fibronectin and a 
cryosupernatant. The cryoprecipitate is then fractionated 
into fibronectin and AHF. 

P^^^-y^^hylene glycol has been used to prepare high 
purity AHF and non-aggregaced ISG. 

High risk products with respect to the 
transmission of hepatitis B and non-A, non-B are fibrinogen, 
AHF and prothrombin complex, and all other blood protein 
preparations except immune serum globulin and, because they 
are pasteurized, albumin solutions. Hepatitis tests 
presently available can indicate the presence of hepatitis B 
surface antigen, but there is presently no screening test for 
non-A, non-B hepatitis. 

The present invention is directed to contactin<- 
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with di- or trialkylphospha tc a blood protein-containing 
composition such as whole mammalia^ blood, blood cells 
thereof, blood cell proteins, blood plasma thereof, 
precipitate from any fractionation of such plasma, 
supernatant from any fractionation of such plasma, cryo- 
precipitate , cryosuperna tant or any portions or derivatives 
of the above that contain blood proteins such as. for example, 
prothrombin complex (factors II, VII, IX and X) and 
cryoprecipi'tate (factors I and VIII). The present invention 
is also concerned v/ith contacting di- or trialkylphospha te 
with a serum containing one or more blood proteins. 
Furthermore, the present invention is directed to contacting 
di- or trialkylphosphate with a blood protein-containing 
fraction containing at least one blood protein such as the 
follovjing: • factor II. factor VII, factor VIII, factor IX. 
factor X, fibrinogen and IgM. additionally, the. present 
invention concerns contacting a cell lysate or proteins induced 
in blood cells with di- or trialkylphosphate. 

Such blood protein-containing composition is con- 
tacted V7ith a dialky Iphosphate or a trialkylphosphate 
having alkyl groups which contain I to 10 carbon atoms, espe- 
cially 2 to 10 carbon atoms. Illustrative members of trial- 
ky Iphosphates for use in the present invention include tri- 
(n-butyl) pliosphate, tri- (t-buty 1) phosphate, tri- 
(n-hexyl) phosphate, t ri- (2-ethylhexy 1 ) phosphate, tri- 
(n-decyl) phosphate, just to name a few. An especially 
preferred trialkylphosphate is tri- (n-butyl ) phosphate. 
Mixtures of different tr ia 1 ky 1 phospliates can also be 
employed as well as j)iiosphates having alkyl groups of 




different alkvl ,h - . :01dl7iJ0 
C alkyl chaxns. lor cample, .ehyl . di(„.b„,^,: " " - 

Phosphate. SimUarly. the respeceive dz,,^ , k " 

- e.p.o,ed .e.d., ... d.^e e CT^"" 

- --V.Pho3pha.e. ,„,^^„;f --^^s 
phosphates can be cmpJoyed. ' ' " ^"<1 trialkyi J 

invention are employed in Present j 

. H K an amount between about 0 01 m./ i 

and about 100 mg/ml . and preferably h . ^ 

^ . I^ezeiably between about 0 1 n,„ / i 

and about 10 mg/ml.." ".i mg/ml 

The di-'or trialkylphosphate can 

. "sed with or 

doitlon r,f "^1 
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Without the addition Of wettin. 

uj: t^etting agents Tr io ^ ^ 
however, to use di • Preferred. 

to use di-,or trialkyUhosphatc in ^„ • 
- -tting agent. Such wettin. injunction „i 

"sttmg afient can be added eiM,. 
"efore. Simultaneously ,..ith or after the 
Phosphate contacts the bl H 

The function of th — -^nin. composition 

1 Of the Virus ? ' " — « 

! «Uh the ! -""--containing composition 

"-•'-ortrralkylphosphate. The netting a.ent aZo 
I a-iequately inactivate the Virus. -^"^^-e 

. Preferred vetting agents are non-toxic 

^"ergents. Contemplated nonionic detergents inc. H 
"hich disperse at include those 

-^e^pperature at least 0 
hy weight of the far i„ "' ^ 

<-ne tat in an aqueous solurinn 
=a™e when 1 ^ ' -'olution containing the 

g.an, detergent per 100 „,l of solution is 
introduced therein . 

detergents whi h , " — ^'-ed 

acids ylene derivatives of 

' acids, partial cste,-.- «r . - 

csLei. of sorbitol anhvdrides 
^-^ample. those product. I-no, ' 

"Tween ?n" ^ as Txveen 80" . 

^een 20 and polvsorbnce 80" and n« • - 
water > non.onic oil soluble 

wate, detergents such thnr .nUi 

thnt sold c:om,nc.,oi..lly under the 
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-tb" 0l:i1740 
crademark "Triton X 100" (oxyethylated alky Iphenol). Also 

contemplated is sodium deoxycholate as well as the "Zwitter- 
gents" i,?hicb are synthetic 7.wi tterionic determents knov^ as 
"sulfobetaines" such as N-dodecy 1-N . N-dimethyl-2-nmraonio-I 
ethane sulphonate and its conjieners or nonionic detergents 
such as octyl-beta-b-glucopyranosidc. 

Substances which might enhance the effectiveness 
of alkylphosphates include reducing agents such as mercapto- 
ethanol. dithiothreitol . dithioery thritol . and dithiooctanoic 
acid. Suitable nonionic surfactants are oxyethylated alkyl 
phenols, polyoxyethy iehe sorbitan fatty acid esters, poly- 
oxyethylene acids, polyoxyethylene alcohols, polyoxyethylene 
oils and polyoxyethylene oxypropylene fatty acids. Sonie spe- 
cific examples are the follov7ing: 

alkylphenoxypolyethoxy (30) ethanol 
polyoxyethylene (2) sorbitan monolaurate 
polyoxyethylene (20) sorbitan monopa Imitate 
polyoxyethylene (20) sorbitan monostearate 
polyoxyethylene (20) sorbitan tristearate 
polyoxyethylene (20) sorbitan monooleate 
polyoxyethylene (20) sorbitan trioleate 
polyoxyethylene (20) palmitate 
polyoxyethylene (20) lauryl ether 
polyoxyethylene (20)cetyl ether 
polyoxyethylene (20) stearyl ether 
polyoxyethylene (20) olcyl ether 
polyoxycLhylene (25) hydroncnated ca.stor oil 
polyoxyethylene (25) oxypropylene monostearatc 
The amount of wotting nj-ent. if employed, is not 
crucial, for exnn,i.le. from about 0.0017; to about lOX. 
preferably abouc 0.01 to 1.5%. c.nn be used. 
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Di- and tfialkylphosphates may be used 
conjunction with other inactivating agents such as alcohol 
or ethers with or without the coprescnce of wettini; agents 
in accordance with cooendin); application Serial No, 368,250 
entitled "Sterilized Plasma :'nd Plasma Derivatives and Process 
Therefor", assigned to the assignee hereof. 

The ether or alcohol can be added in an amount 
of 1 to 50X, preferably 5 to 257. by v^eight , based on the volume 
of blood plasma, or- concentrate or other blood plasma protein- 
containing composition to be treated. 

Particularly contemplated ethers for inactivation 
use in accordance v:ith the invention are those having the 
formula 

wherein 

1 2 

R and R are independently C^-C|j> alkyl or 
alkenyl which can contain an 0 or S atom in the chain, 
preferably Cj^-Cg alkyl or alkenyl. Especially contemplated 
ethers are dimethyl ether, diethyl ether, ethyl pi'opyl 
ether, methyl-butyl ether, methyl isopropyl ether and 
methyl isobutyl ether. 

Alcohols contemplated include those of the formula 
R-'OH 

wherein 

3 

R is a to Cj alkyl or alkenyl radical v;hich 
can contain one or more oxyj;cn or sulfur atoms in the chain 
and which can he substituted by onc! or more hydroxy 1 v^roups. 

Especially contemplated alcohols are those \:here 
the alkyl or alkenyl r,roup is between 1 and 8 atoms. 

-1 7- 
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Particularly contemplated alcohols Include methanol ^o^j 3^ 
ethanol, propanol , isopropanol. n-butanol, isobutanol, - 
n-pentanol and the isopentanols. Also contemplated are 
compounds such as ethylene i;lycol , . 1 ,2-propylene glycol, 
1,3-propane diol , 1 , ^-bucancuiol , 2"hydi*oxy isol>utanc»l 
(2'methy, 1 , 2-dihydroxypropane) . 

Treatment of blood protein-containing compositions 
with trialkylphosphate is effected at a temperature betV7een 
-5**C and 70**, preferably between O^C and 60**C., The time of 
such treatment (contact) is for at least 1 minute, preferably 
at least 1 hour and generally 4 to lU hours. The treatment 
is normally effective at atmospheric pressure , although 
subatmospheric and superatmospheric pressures can also 
be employed. 

Normally, after the treatment, the trialkylphos- 
phate and other inactivating agents, for exatr.ple, ether, are 
removed, although such is not necessary in all instances, 
depending upon the nature of the virus inactivating agents 
and the intended further processing of the blood plasma 
protein-containing composition. 

To remove ether fron plasma the oLasma is 
generally subjected to a temperature of A^^C to Sy^'C v/ith a 
slight vacuum imposed to drav: off residual ether. Prefer- 
ably means are provided to spread tiie plasma as a tliin 
film to insure maximum contact and removal of the et;iei~. 
Other methods for removal of other in activating agents 
include: 

(1) bubblinji of nitrogen gas; 

(2) diafiltratioii using ether insoluble , r ;;• 
e.g. '^tEFLON'\ microporous membranes Jjijg 



-hich retain the plas... protein^^^ 740 

(3) absorption of ,Iesirr..i ,.1 

J'csircd pl,,.<„.,,, components 

on chrom.to«r.-,phic or nffinity 

^•lu-o,„ogr;,phic .supports; 

^•''J P^-<'cipir.-uion 

• e>:.-.n.p,e. by ..^Uin^ 

-"^ Pl.KMK. p.otelns: 
(5) lyophili^.-,,.i^„^ etc. 
l-'nen alcohol or nnr.,- - 

above. , ^ ^ --emoved .by (2) to (5) 

2. ON. 

<b) Re,nov=l fro,r, ftbronectin c-n h 

"ind.ng the fibroneccin on . ^oV- - ' 

. ' column of 

fibrn • ■ •'•^'^^•'^-^^'^e bound 

ribronectm free ^-^ 
G<^nerally speaking ^ 

~ P-or to .e.o.al o. .nv V "'^^^"^ " 

^j- any deccro^nr 

" "-:"-Jl.V .cn.ov..d before the , ~ 

the invention m.. i 
-U.l,„,„,,_,^.3...„,, _ . "inc. ,...u„, 

<-Av.jLinr, Viruses on^i, i- 

•"°"-»iP" -<-"..ced-v-a-u.e..-..-,v, . , ^hos. for. 

• ' "'J nsLaiicf » i 
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an agentt' which stabilizes the labile protein (AHF) <(^|]2Uc:740 
inaccivacion by heat. Moreover, the heating can be carried 
out using stabilizers which also tend to protect nil 
protein, including components of tlie viru:;, against heat if 
the heacinj; is c-irried out for a snfPicient lenptli of tiir.e, 
e.g. . at least 5 hours and preferably ut least 10 hours at a 
tempex'ature of 50 - 70"C. especially f>O^C. By such mode the 
virus is preferentially inactivated, nevertheless, vjhile the 
protein retains a substantial amount, e.g.,r^.807o of its 
protein activity. Of course, the best treatment can also -be 
carried out simultaneously with the alkyl phosphate treatment 

The treatment of plasma or its concentrates, 
fractions or derivatives in accordance with the present 
invention can be effected using di- or trialkylphosphate 
immobilized on a solid substrate. The same can be fixed to 
a TT.acro-molecular structure such as one of the type used as 
a backbone for ion exchange reactions, thereby permitting 
easy removal of the trialkylphosphate from the plasrr.a or 
plasma concentrate. Alternatively the phosphate can be 
insolubilized and immobilized on a solid support such as 
glass beads, etc., using silane or siloxane couplin,^; agents. 

The method of the present invention permits the 
pooling of human blood plasma and the treatment of the 
pooled human blood plasma in the form of such pooled plasma. 
It also permits the lealization of blood product derivatives 
such as factor Vlll, ;;;imnja ijobulin. factor IX or the 
prothrombin complex (factors 11, VII, JX, X), fibrinor.cn and 
any otlier blood derivative includinr, HHsAg ui;ed for the 
preparation of HI'V vactino, all of wiiich contain little or 
nc> residual infective hepatitis or otlier viruses. 
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The present invctntion- is (iirecLo.d, inter alia , to 
producing a blood plasma protein-containin); composition such 
as blood, blood plaMiui hlood plasm;* fractions, etc., v;hich 
Is substantially froo, of inf (-(^t i o;:.k -'irus, yt*r v:li:c*; contains 
a substantial nri')U!»t of viable (un'.l',:-naLr.re«l) proi.ein. More 
particularly, the present invention is directed to 
inaccivation of lipid-containing virus and preferentially 
inactivation of hep.ititis B and non-I'», non-A virus. Other 
viruses inactivated by the present invent ion .include . for 
example, cytomegaloviruses. Epstein i'.arr viruses, lactic 
dehydrogenase viruses , herpes grou]) viruses . riiabd'^viruses , 
leukoviruses , myxoviruses , alphaviruses . Arboviruses (group 
B) , paramyxoviruses, arenaviruses, and coronavii-uses . 

According to the present invention, thei'e is 
contemplated a protein-containing coinposi tion - a produce 
produced from normal or cancerous ceils or by nom-jl or 
cancerous cells (e.g.. via reconibin.int DY-A ceclinolo^y) , such 
as mammalian blood, blood plr^sma, ] lood olasr^o* fr.icLions, 
precipitates from blood fractionation and superna Lnncs from 
blood f ract ionacion having an extent of inactivation of 
virus greater than 4 logs of virus such as 'hepatitis B 
and non-A, noa-Pi, and having a yield of protein activity to 
total protein of at least SOX, preferably at leasr \']^Z and 
most preferably 93X to I007L. 

Further contemp I n t ed bv tiie presen t in\'cnrion is 
a composition containin.u fnrtor Vlll \-hicii is suby can r i ] 1 v 
free of hepatitis virus to {\\c cxt^Mit of b.avin}; an inaceiva- 
tion of greater than A loj',> of the \ j rus and a vield of 
protein activity to lotal prtHeir. of ar least 80 !c . preferably 
ai least Sb%, norc nrelcM.ibJv ai least and most preferably 



1 

2 
3 
4 

S 
6 
7 
6 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 5 
26 
27 
28 
29 
30 



98% to 1007o. ^ • • 0131740 

The process of tiie present ifiveation has been 
described in terms of ire-ntmcnt of plasma, plasma fractions, 
plasma concentrates or components tliereof. The process, 
hov7ever , is also usefui in Lrcatin*? the solid coniponents of 
blood, ly sates or proteins stcreted by cells. Thus, also 
contemplated are treatmcni of platelet concentrates, v/hite cell 
(leukocyte) concentrates, and leukocyte-poor packed red cells 
as vjell as platelet rich plasma, platelet concentrates and 
platelet , poor olasma including packed cell masses comprising 
the v:hite buffy coat (i:onsisting of wliite blood cells above 
packed red cells. Also contemplated is the treatment of 
:r:asses containing concentrates of granulocytes, monocytes, 
interferon, and transfer factor. 

One can treat plasma itself according to the 
present invention or fresh ^ro^en plasma, thawed frozen 
plasma, cryoprecipir ate . cryosuperna tant s or concentrates 
from frozen plasma as v;eLl as dilution products thereof. 

By the same manipulative steps discussed above, 
virus present in products of normal or cancerous cells can 
be inactivated u'hile retaining labile protein activity in 
such products. For instance, by the same di- or trialkyl- 
phosphate treatment one can inactivate products produced 
using normal or cancer cells, the exudate from normal or 
cancerous cells, hybridom.is and pro<iucts produced by ^^ene 
splicing;. Such treatment dtu^s m^i subs tan t ia 1 1 v adversely 
affect the desired protein. Cells used foi- production of 
desired p'Otein can, of course, be mammalian as v;cll as 
non-manuTialian cells. 

Factcu VII I and factor IX coar.ulant activities 
are assayed by do termin i i>t; the dc[:ree of correction in APTT 



. tiipe of factor VIH _ r ~ ^ 

- and factor LX - .,ior,- • 

respectively jc t , ^^^^^^"'^ Pl^.sP,^.-3l 7-4 

1^. pane- 269 0 966) ' ^^--Ciin, 

- 

IX s activity can Kr ' ' '^^^lo'-- 

y can be- n,c...surecl J,y c.-a techninuc- 

'^indinK protein, con hnvo their .c-ivi," 
-asured by detern,inin, their Mnc- " ^^-^^ 
K- o '^inc-Lics and nff.nif, 

Lymphokine activir-. -r . 

^Livity \:. mca.su-ed Kir-i, - 

ceil s>...„.. 

act.v.ty in cell cultures. 

Protein activity oo„erplK. • • 
Wn and standard p d - ^ -=:--.incd by ,,e 

^dnaaid modes tor detP— Jr,,- 
protein or tvpe o- . ■ ^-^c-tivxty of the 

.c>Pe Ox protein involved. 

In order to n.ore f^ll v i 1 1 . 

--„onandthe„ofp.;..T;:y^^^^^^^^^^^ 
I following non-linp.i,„ e-. 1 ^ '"'^ 

AHF solutions ve-i- ' 

1/c Ti/een SO for 1 9 ' ' ' " ' ^''^^ ^^^^ 

-^i^ io hours ac ^.""c 

---n. eo„..... "... 

"O). Che foil„„i„, . 

•"^i-ndbis vi,-,,^ . . c 5..S lo.C.': of 

^i'-u.<;. nn.i 5.0 I.o, c ,„ , • . 
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be 86X. _ Xtj — 

Controls ii which TNBr and T\>reen 80 were 
shovjed little if nny virol in;ict ivation , 

The results for Example I arc shown belov; in 

Table 1: 
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e omitted 



Temperature 



Time 
(Ilrs) 



T.ibic 2 
Aiir 



I.o;; Tlte.- Vir::* 
VSV Slndb'i s SendaT 





Start 


10. A 


(100) 


^..7 


5.8 


5.0 




3 






0.9 " 


-O.A 


2.2 




6 






0.6 


-0.5 


1.5 




IS 


8.9 


86 


/.-0.5 


0.5 


-0.5 



In Fig. 1, Fig. 2, and Fig. 3, the results of 
Example 1 are plotted and compared to virus inactiv.n t ion 
v:ith ether- (20%)/ Tvjeen SO (IZ). Ic is seen that for VSV 
(Fig. 1). Sindbis (Fiy:. 2) and Sendai (Fig. 3). inactivarion 
v-as greater (lovjer lo.e titer value) for treatment according 
to the present invention (v.ith TNBP) than ivith ether/Tveon 
80 treatment. 

In Table II, the effect of a "Tveen 80** alone in 
the inactivation of virnsos is shov/n . The data shov.-s that lit- 
tle if any inactivation is ouc to "^Ivj-een SO". 

T ABLE U 

EF FECT OF TWF EN SO (I" ) ALOK E ON VIRUS INACT I VATIQH 

In a c c i va t i on ( 1 o rJ^}__ i^ 



Experiment Tcmncr.itnrc Oi:r:M- ion ^ 
rO (Mrs) VSV Sindbis Sendai EMC^ 



1 


0°C 


3 


0.3 


0.0 


0.0 


2 


0"C 


18 


ND'-- 


-0.1 


0.7 




22" C 


18 




-0. 1 


-0.3 



i' lor; cilc-r contrtW ininus lor, liter tro^Mrii 
" n<>t v'ionc 




Example 2 

-sun:„...„-i,,., h,,..^^ results 

"1 i.ibJe II J. 

Temperature Ti,„e ~~Am~ 

(^^rs) Log Titer Virus 



22°C 
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5.0 
1.8 



T]ie present in 

"-"al ^He 3pi.,, 

Should be had .o che a„„ . " ■''""^"-S'.V- reference 

tne appended claim.. ^ u 
^°"Soing .pe,„i,a,,„„ than 

invention/ ' ' '""'"^'"^ the scope of the 
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CLAIMS : -ZG- 0131740 

1. A process for obtciining a protein-containing 
composition v/hich is substantially free of lip .id-containing 
viruses x>?ithout incurring substantial protein denaturation 
comprising contactin;^ saiJ protein-containing composition 
with an effective amount of di- or t r ialky Iphosphacc for a 
sufficient period of time. 

2. A -process according to claim I v/hcrein di- or 
trialkylphosphate has alkyl groups which contain 1 to 10 
carbon a corns . 

3. A process according to claim 2 wherein said 
trialkylphosphate has alkyl groups which contain 2 to 10 
carbon atoms. 

4. A process according to claim 2 wherein said 
trialky Iphosphace is tri-n-butyl phosphate. 

5. A process according to claim 1 v/herein said 
Goncaccing is conducted in the presence of a wetting agent. 

6. A process according to claim 5 wherein said 
wee ting agent a non- ionic dctecgent. 

7. A pi'occs:; accord in;; to claim 5 wherein said 
^x'cctin:; agent is is added to said protein-containing 
composition prior to contacting said protein-containing 
composition with said di- or trialkylphosphate. - 



8. A process accordi.,,. to cl.l <: ^'^^^7^o\ 
— . - -c... s..Ua„eous ; 

trialkylphosphate to said 

^"ing composition. 

9- A proce.ss accord' 
-"ing agent is added afte. ' ^-d 

-ntacts said protein-eontaini ^ ^ " '"'^''-^^P'^-P^ace 

oncaxnxng composition. 

. iO. A process accord-,- 
det^ergent is . ' ''^^^rding to claim 6 uherein • 

gent IS a partial estor "eiem said 

^^'^'^ of sorbitol anhydrides. 



A proces.. according to - 
co.-nprisi.ng c.onductino said " ' 

contacting in rh« 



others and alcohols. consisting 



of 



^3. A P'-ocess acco,-din^ mi 

---"n. Of ■ "-^^"-^ the g.oup 

a Plasma 

Plas«,. ,, 3„ ^""^"""e r.o„ an, fractionation or 

supernatant rron, an . 
^ ^^run 3 ■ '^"^ f«ti°nation or said „, 

- •-^'■^oP'-ecipltate a , Plasna. 
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lA. A process ;iccorclin!; Co claLm L wherein soid 
blood protein-containing composition contains one or more 
proteins selected from the i;roup con.sistinj: of fibrinogen, 

factor II, factor VII, factor VIII, factor IX, factor X, 
factor I, imn-.«.:no«;lobins , prct Lbumin . rctinoi-bindini^ 
protein, albumin, alpha-globulins . beta-globulins, samma- 
globulins, factor III and the complement components, 
fibronectin, antithrombin III, hemoglobin, interferon, 
T-cell growth factor, plasminogen activator.. 

15. A process according to claim 1 wherein said 
protein-containing composition is the product of a non-blood 
normal or cancerous ceil or the product of gene splicing. 

16. A process according to claim 1 wherein 
following said contacting with said di- or trialky Iphosphate . 
said di- or crialkylphosphate is removed. 

17. A process according to 
period of time is between about 1 minute 

18. A process according to 
contacting is conducted at a teniperacure 
O^^C and about 70"C. 

19. A process according to claim 1 wherein said 
di- or trialkylphosphate is present in an amount between 
about 0.001% and about 1% , 



claim 1 wherein said 
and about 30 hours . 

claim 1 wherein said 
of between about 
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33. A procGs?; accordin>; Co claim 2A \A\Qr(^nla!x^ 
composition is substnntially free of infective lipid-concaining 
viruses. 



. A iM'ocIucc f>r n ncjn-bloocJ norma i cr cancerous 
cell comprisin;^. an active protein and inactivated virus 
wherein the anount of active i^rotoin is at least 80Z of the 
total protein. 



- .n - 




1/2 



C j 



O131740 



FIG. I BETWEEN 20% ETHER/ „,TWEEN 80 CO) AND 

O. I % TN8P/ I % TWEEN 80 ( ) 




VSV 




F/G. 5 

z6 
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RECUIREMENT FOR TWEEN 80 ADDITION TO TNBP 
TNBP/TWEEN 80-0°C 

VSV 



ALONE -ROOM TEMPERATURE 
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TNBP/TVyEEN 80-R00M TEMPERATURE 
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TNBP ALONE-ROOM TEMPERATURE 
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SENDAI 

TNBP/TWEEN 80- ROOM TEMPERATURE 
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